aBStRaCt Paraflagellar rod is the major structural component of the trypanosomatid flagellum and is identified as a complex lattice of filaments which runs parallel to the axoneme throughout most of the flagellar length. The present study was carried out to investigate the existence of the paraflagellar rod (PFR 2) gene in Trypanosoma evansi infecting Indian cattle. Local isolates of T. evansi collected from naturally infected cow were multiplied in Wistar rats. Complementary DNA (cDNA) was synthesized from the RNA of host cell free T. evansi parasites by reverse transcription. The gel purified PCR product (PFR 2 gene of T. evansi) was cloned into the pTZ57R/T vector system. The nucleotide sequence of the PFR 2 gene of the T. evansi S.V.V.U. isolate (Accession No. KT277497) obtained in the present study revealed 100% homology with T. evansi China isolate and 99% homology with T. evansi Izatnagar and Bikaner isolates. The recombinant protein was sub-cloned into pET 32a and expressed in the BL21 (DE3) pLysS expression system. The PFR 2 gene of T. evansi S.V.V.U. isolate was further characterized by determination of its protein profile with SDS-PAGE and western blotting. Indirect ELISA was optimized for detection of the specific antibody titre against the recombinant protein of the PFR 2 gene of T. evansi. In the kinetoplastid species the PFR 2 gene is highly conserved. Therefore the PFR 2 gene was suggested as a vaccine candidate, as well as a diagnostic antigen.
S. Sivajothi et al.: Cloning, expression and characterization of Trypanosoma evansi Paraflagellar Rod 2 gene introduction Trypanosoma evansi, the causative agent of surra is prevalent in different parts of the world infecting numerous domestic and wild animal species. Trypanosoma evansi infections are reported regularly in domestic and wild animals in India, particularly where the environment is suitable for the breeding of insect vectors . The economic losses due to surra mainly depend on the immune status of the individual animal, the strain variation of the parasites and the presence of other concurrent diseases. It causes huge losses in production and the mortality of animals in fatal cases (PATHAK and CHHABRA, 2010; REDDY et al., 2016) . The successful control of surra requires the development of a safe and efficacious vaccine. Development of strategies for invariant antigen identification and their application as futuristic vaccine targets have been in the centre stage of trypanosome research (MAHARANA et al., 2014) . The Trypanosoma evansi PFR 2 gene, which encodes the major structural component of the paraflagellar rod, is highly pathogenic and restricted to the flagella of kinetoplastids. Nucleotide sequencing of the PFR 2 gene of T. evansi may be useful to identify the function of this gene and encode a protein (SANJAY KUMAR et al., 2013) . Lately, research on the paraflagellar rod proteins present in the kinetoplastid flagellum is gaining greater interest in this perspective. The present study was designed to investigate the existence of the paraflagellar rod gene in T. evansi infecting Indian cattle.
Materials and methods
Propagation and purification of T. evansi. Isolates of T. evansi were collected from clinically ill cattle and maintained in Wistar rats for bulk harvest of parasites. Purification of the T. evansi parasites was done by Diethyl amino-ethyl cellulose anion exchange (DEAE) column chromatography (LANHAM and GODFREY, 1970) . The isolates of T. evansi recovered from the cattle were named S.V.V.U. isolates, i.e. according to the geographical location of research.
RT-PCR amplification of the PFR gene of T. evansi. Total RNA was extracted directly from the host cell-free trypanosomes according to CHONCZYNSKI and SACCHI (1987) using a Trizol reagent (Invitrogen, CA, U.S.A). The purity and concentration of the eluted RNA was determined with Nanodrop ® . From the total RNA, cDNA was synthesized by RT-PCR using an oligo-dT primer and Revert Aid TM H minus first strand cDNA synthesis kit (Thermo Scientific, USA). Primers were designed on the basis of an open reading frame of the publicly available sequence of T. evansi (GenBank Accession No. EU258755) using Primer -Blast Programme .
Forward primer (SSJ-F: 5'-GGAATTCATGAGCGGGAAAGGAAGTTGAAG 3') Reverse primer (SSJ-R: 5'-CCCAAGCTTCTGAGTGATCTGCGGCATCGTG -3') S. Sivajothi et al.: Cloning, expression and characterization of Trypanosoma evansi Paraflagellar Rod 2 gene
The RT-PCR products of 1800 bp size were excised from the gel and purified using a QIA quick gel extraction kit (QIAGEN, Germany).
Construction of the recombinant plasmid and transformation into E. coli. The gel purified PCR product (PFR 2 gene of T. evansi) was cloned into a pTZ57R/T vector system. The recombinant plasmid was transformed into competent Escherichia coli DH5α using the heat shock transformation method. Finally, the recombinant plasmid was extracted from the transformed DH5α cells following the standard protocol (SAMBROOK and RUSSELL, 2001) . The presence of the inserts was confirmed initially by Colony-PCR and then by Plasmid-PCR. The positive clone was custom sequenced.
Expression of the PFR 2 gene of T. evansi. The isolated recombinant plasmid was double digested with EcoR I and Hind III restriction enzyme, further sub-cloned into pET 32a, and expressed in the BL21 (DE3) pLysS expression system. Screening of the recombinant plasmids of the PFR 2 gene of T. evansi was carried out by plasmid PCR and restriction enzyme digestion.
Induction of expression. Five positive colonies of E. coli strain BL 21 harbouring the desired clone (recombinant plasmid) were diluted with Isopropyle-β-thiogalactopyranoside (IPTG) to a final concentration of 0.2 -1.0 mM. The expression of the recombinant protein of T. evansi PFR 2 gene was analysed by SDS-PAGE (LAEMMLI, 1970) .
Purification of the recombinant protein. The recombinant protein of the PFR 2 gene of T. evansi was purified by nickel affinity chromatography His-binding resins with six histidine residues at the amino terminal bound (LUHRS et al., 2003) . The PFR 2 gene of the T. evansi S.V.V.U. isolate was further characterized by western blotting against hyper immune serum. The western blotting technique was used for specific identification of proteins from the the mixture of proteins in the obtained sample. In this method, a labelled antibody against a particular protein is used to identify the desired protein, so it is a specific test. Indirect ELISA was optimized for detection of the specific antibody titre against the recombinant protein of the PFR 2 gene of T. evansi (TAMURA et al., 2007) .
Results and discussion
A single band at 1800 bp of the T. evansi PFR 2 gene was observed in the present study when compared against the 1 kb ladder. The concentration of the purified PCR amplicon was measured as 40 ng/µL. These purified PCR products of the PFR 2 gene of T. evansi were further used for cloning into a pTZ57R/T vector system. The selection of positive colonies was done by the blue-white colony (Fig. 1) screening method. The presence of inserts was confirmed initially by Colony PCR (Fig. 2) and then by plasmid PCR. Custom sequencing was undertaken for the positive clone.
The coding region of a gene, also known as the CDS (from the coding sequence), is that portion of a gene's DNA or RNA that codes for protein. Tree topology based on the Neighbor-joining (NJ) method showed close homology with other Trypanosomatidae species sequences with 100% bootstrap values (Fig. 3) . The percentage of the replicate tree in which the associated taxa clustered together in the bootstrap test (1000 replicates) was shown next to the branches.
The procedure adopted in the present investigation for phylogenetic analysis of the PFR 2 gene of the T. evansi S.V.V.U. isolate was according to ABDILLE et al. (2008) and SANJAY KUMAR et al. (2013) , who also constructed a phylogenetic tree based on the Neighbor-Joining method which showed close homology with other Trypanosomatidae species sequences with 100% bootstrap values. The NJ, bootstrap consensus tree inferred from 1000 replicates is taken to represent the evolutionary history of the taxa analysed. However, MAHARANA et al. (2011) , used the sequence pair wise distance of the nucleotides of the PFR 2 gene instead of a phylogenetic tree.
The protein profile of the induced and uninduced lysates along with the control vector transformed E. coli lysates, were determined by SDS-PAGE. The appearance of a clear band with an approximate molecular weight of 90 KDa (Fig. 4) in the induced E. coli lysates and no band in the uninduced or control E. coli lysates was observed. The PFR 2 gene of the T. evansi S.V.V.U. isolate was further characterized by western blotting against hyper immune serum (Fig. 5) . The antibody titre of the hyper immune sera, raised in two rabbits, against the PFR 2 gene of T. evansi was estimated as 6.76 and 5.63 ELISA units, respectively. It is evident that the PFR 2 gene product elicited a very good immune response. However, further study is required to know the protective effect of the PFR 2 antibodies in laboratory animals. The present research findings on the PFR 2 gene sequence homology with the nucleotide sequence of other trypanosomatids hypothesizes that vaccination with PFR proteins could be effective not only in different strains within a trypanosome species, but also against other species of the same genus. A similar conclusion on the vaccine potentiality of PFR 2 was drawn by SANJAY KUMAR et al. (2013) . MAHARANA et al. (2011) also reported the conserved nature of various PFR 2 genes present in kinetoplastids, and recommended the use of proteins for development of a vaccine.
PFR could also be used for development of diagnostics, and also for therapeutic intervention of pathogenic trypanosomatids, without any deleterious effect on their mammalian hosts. The possibility exists of cross-reaction with other pathogenic and nonpathogenic trypanosomes in India. Cloning, expression and characterization of the PFR 2 gene of T. evansi of the cattle isolate carried out in the present investigation is probably the first report in India. The findings of the present study confirmed the existence of the PFR 2 gene in Indian cattle isolates of T. evansi. Further study is required to explore the
